Background/Aims: We investigated the efficacy and safety of tenofovir disoproxil fumarate (TDF)-based treatment in chronic hepatitis B (CHB) patients who failed previous antiviral therapies. Methods: Seventeen patients who failed to achieve virological responses during sequential antiviral treatments were included. The patients were treated with TDF monotherapy (four patients) or a combination of TDF and lamivudine (13 patients) for a median of 42 months. Hepatitis B virus (HBV) DNA and hepatitis B e antigen (HBeAg) were measured, and renal function was also monitored. Results: Prior to TDF therapy, 180 M, 204 I/V/S, 181 T/V, 236 T, and 184 L mutations were detected. After TDF therapy, the median HBV DNA level decreased from 4.6 log 10 IU/mL to 2.0 log 10 IU/mL and to 1.6 log 10 IU/mL at 12 and 24 months, respectively. HBV DNA became undetectable (≤20 IU/mL) in 14.3%, 41.7%, and 100% of patients after 12, 24, and 48 months of treatment, respectively. HBeAg loss was observed in two patients. Viral breakthrough occurred in five patients who had skipped their medication. No significant changes in renal function were observed. Conclusions: TDF-based rescue treatment is effective in reducing HBV DNA levels and is safe for patients with CHB who failed prior antiviral treatments. Patients' adherence to medication is related to viral rebound. (Gut Liver 2014;8:64-69) 
INTRODUCTION
The aim of chronic hepatitis B (CHB) treatment is to improve quality of life and prevent progression to cirrhosis, decompensated cirrhosis, hepatocellular carcinoma.
1,2 Long-term antihepatitis B virus (HBV) nucleos(t)ide therapy is effective in prevention of progression of liver disease. Lamivudine (LAM) and adefovir (ADV) have been used for antiviral treatment of CHB patients and showed potent viral suppression and histologic improvement. 3, 4 However, long-term use of nucleos(t)ide analogue inevitably leads to the development of resistant HBV mutants and viral breakthrough. 5 Genotypic resistance can be detected in 60% to 70% after 5 years of LAM treatment 6 and in 20% to 29% after 5 years of ADV treatment. 7 The treatment options for patients who fail LAM and ADV monotherapy have been limited. Tenofovir disoproxil fumarate (TDF), the oral prodrug of tenofovir, is a nucleotide analogue with potent activity against HBV DNA polymerase and shows potent antiviral activity in hepatitis B e antigen (HBeAg)-negative and HBeAg-positive CHB naïve patients. 8 There are few studies about the virological response and safety of long-term use of TDF in nucleos(t) ide analogue experienced-patients with multidrug resistant HBV or suboptimal response. TDF safe and effective in patients with prior failure of LAM and in patients with suboptimal response to ADV or entecavir (ETV) therapy. 9, 10 The combination of ETV and TDF is highly efficient and safe in patients with partial responses to preceding therapies. 11 However, long-term data of efficacy and safety of TDF in treatment-experienced patients is not sufficient. The aim of this study was to evaluate the antiviral efficacy and safety of TDF-based antiviral treatment in CHB patients with suboptimal response to previous antiviral therapy or multidrug resistant patients.
MATERIALS AND METHODS

Patients
From May 2006 to July 2012, 17 CHB patients with partial virological response to previous antiviral therapy or multidrug resistance who were treated with TDF subsequently were included at three centers in Seoul and Incheon, Korea. All patients had taken sequential treatment with antiviral agents for LAM resistance and had been compliant with the regimen. None of the patients were coinfected with human immunodeficiency virus or hepatitis C virus. For the rescue therapy for suboptimal response of HBV resistance to the sequential treatment, four patients received TDF monotherapy (300 mg/day) and 13 patients received TDF (300 mg/day) and LAM (100 mg/day) combination therapy more than 6 months by clinicians' choice. TDF was not available in Korea through the study period. The patients were able to get the medicine for salvage therapy at Korea Orphan Drug Center.
Partial virological response was defined as a decrease in HBV DNA of more than 1 log 10 copies/mL but dectable HBV DNA after 6 or 12 months of antiviral therapy in compliant patients. 1 Virological breakthrough was defined as more than 1 log 10 copies/mL increase in HBV DNA level from nadir. 2 Serial sera were collected from each patient at the time of baseline and every 6 months during treatment, or at the time of viral breakthrough and stored frozen at -80°C for test of antiviral resistant mutation of HBV. Written informed consent for the collection of serum samples was obtained from the patients. The study protocol was approved by the Institutional Review Board at Konkuk University Medical Center and was conducted in accord with the ethical guidelines of the 1975 Declaration of Helsinki.
Clinical and laboratory assessments
Laboratory data including serum alanine aminotransferase (ALT), albumin, bilirubin, creatinine, creatinine clearance, and HBV DNA, HBeAg, anti-HBe were measured at baseline and every 3 months after the antiviral treatment. Hepatitis B surface antigen (HBsAg) was measured every 1 year of the treatment.
Serum HBV DNA levels were assessed using COBAS Amplicor polymerase chain reaction (PCR) assay (lower limit of detection of 20 IU/mL; Roche Molecular Systems, Branchburg, NJ, USA).
Efficacy and safety
Virological responses were evaluated by median change in HBV DNA load from baseline, the proportion of patients achieving a viral load <20 IU/mL (120 copies/mL), HBeAg and HBsAg loss and seroconversion. Changes of median serum ALT level were also evaluated.
Safety and tolerability were assessed from renal function and hepatic decompensation. Renal function abnormality was defined as an increase in serum creatinine by ≥0.5 mg/dL above the baseline value on two consecutive occasions.
Detection of antiviral-resistant mutations
When a viral breakthrough developed during the treatment period, we checked for compliance and tested a restriction fragment mass polymorphism (RFMP; Genematrix, Youngin, Korea) to identify LAM (rt204, rt180), ADV (rt181, rt236), and ETV (rt184, rt202, rt250) resistant mutations of HBV polymerase gene. 5 The RFMP assay can detect 100 copies of HBV genome per milliliter.
RESULTS
Baseline characteristics of the patients
The baseline characteristics of the 17 patients are summarized in Table 1 . The median follow-up during TDF or TDF and LAM combination treatment was 42 months (range, 12 to 72 months). Eight patients had liver cirrhosis, and three of them had decompensated liver cirrhosis. Fourteen patients were HBeAg positive, and median HBV DNA level prior to TDF based treatment was 4.6 log 10 IU/mL. Median ALT level was 76 IU/L (range, 23 to 1,068 IU/L).
Previous antiviral treatment and resistance mutations
All patients had been treated with LAM as a first line oral antiviral agent and second line antiviral treatments for LAM resistance subsequently. Prior to TDF base treatment, 10 patients were treated with LAM and ADV combination therapy and the other seven patients were treated with ADV or ETV mono- therapy or ADV and ETV combination therapy. The patterns of baseline polymerase sequence mutations conferring antiviral resistance in the patients are detailed in Table 2 .
Efficacy
The change in median level of HBV DNA of the patients is shown in Fig. 1 . The median decrease in the HBV DNA level from baseline to 12 month was 2.6 log 10 IU/mL. The decrease in viral load continued to 3.0 log 10 IU/mL at 24 months. At 6 months of starting the TDF based treatment, HBV DNA levels became undetectable in two patients. Two of 14 (14.3%) and five of 12 patients (41.7%) achieved an undetectable viral load at 12 and 24 months of the therapy, respectively. HBV DNA was undetectable in five patients at 48 months of follow-up and in four patients at 72 months of follow-up ( Table 2 ). One of the 17 patients showed primary nonresponse to the TDF treatment, but HBV DNA was undetectable after 24 months after start of TDF in the patient. During the follow-up period, viral breakthrough occurred in five patients with skipping of their medication; however, it was not observed in patients with good compliance. Genotypic analysis was available in two of them. No significant resistant mutations were detected. HBV DNA decreased after restart of the treatment. Elevation in serum bilirubin and ALT level accompanied with the viral rebound was observed in a patient within 1 month of discontinuation. However, no patients with virological breakthrough showed hepatic decompensation.
HBeAg loss was observed in two out of 14 HBeAg positive patients (14.2%) after a treatment duration of 42 and 60 months, respectively. HBeAg seroconversion or HBsAg loss did not occurred.
Median ALT level decreased during the course of the study from 76 IU/L at baseline to 38 IU/L at 24 months of the treatment (Fig. 2) . 
Safety
There were no significant clinical adverse events during the TDF based treatment. Mean creatinine level and estimated glomerular filtration rate revealed no significant change during the treatment period (Fig. 3) . No patient developed treatment induced renal impairment (rise of more than 0.5 mg/dL in serum creatinine level from baseline). Renal function was maintained well in patients with decompensated cirrhosis. In two patients, serum creatinine values were already elevated at baseline (1.4 mg/dL) and remained stable during the treatment period. One patient with pre-existing severe renal impairment (serum creatinine, 4.6 mg/dL) was treated with a reduced dose of TDF and showed no increase in creatinine level.
DISCUSSION
This study demonstrates that TDF based rescue treatment potently suppresses HBV replication in CHB patients with suboptimal response to previous antiviral therapy or multidrugresistant mutations.
Sequential nucleos(t)ide monotherapy or combination treatment has been used for treatment of CHB patients with antiviral resistance. The sequential treatments promote the selection of multidrug-resistant mutations. ADV was used for second line treatment of LAM resistant patient, however, ADV resistance and viral breakthrough occurred frequently.
12,13 ADV and LAM combination therapy reduces the development of ADV resistance and has been a practical option for treatment of LAM resistance. 14 However, the antiviral efficacy of ADV and LAM combination was not satisfactory. All patients studied in this study were treated with LAM for the first line oral antiviral agent, a popularly used nucleoside analogue in Korea. LAM has potent antiviral effects, but longterm use of this drug induces a genotypic resistance of HBV and viral breakthrough. 6 The patients developed viral breakthrough and genotypic resistance after the LAM treatment and were treated with ADV monotherapy or ADV and LAM combination. However, the second line therapies were not effective in viral suppression and ADV resistance occurred in six patients. ETV or ADV and ETV combination treatment were used sequentially in some cases. TDF monotherapy or TDF and LAM combination was used for rescue therapy in these patients. 9, 10 The TDF based therapy was effective in suppressing HBV replication regardless of genotypic resistance pattern and previously used antiviral agents. In this study, HBV DNA level decreased rapidly during 6 months of TDF treatment and remained at an undetectable level by real-time PCR assay (<20 IU/mL) at the last follow-up in the patients. TDF is a nucleotide analogue related to ADV and has an antiviral activity against wild type HBV and also LAM resistant HBV in vitro. 15, 16 Recent studies on efficacy of TDF or TDF combination therapy demonstrated that TDF treatment is highly effective in viral suppression in both naïve patients and patients with multidrug resistant HBV or suboptimal response to antiviral therapy. [9] [10] [11] van Bommel et al. 17 have reported that TDF rescue therapy strongly suppressed HBV DNA level in CHB patients who failed to achieve virological response to sequential ADV treatment for LAM resistance. The antiviral response was independent to the presence of LAM resistant mutation at baseline. TDF treatment also showed potent viral suppression in patients with suboptimal response to ETV treatment. 10 In this study, five patients developed viral breakthrough during the TDF therapy, and all of them skipped TDF before the development of viral breakthrough. Pattern of the virological relapse was variable, although HBV DNA decreased after restart of the TDF treatment. Genotypic analysis was available in only two patients, and they showed no significant resistant mutations. Rapid increase of HBV DNA within one month of discontinuation was observed in a patient who also showed elevated level of bilirubin and transaminases. However, most patients Fig. 2 . Median changes in alanine aminotransferase (ALT) during the tenofovir-based rescue therapy. Fig. 3 . Change in the mean glomerular filtration rate (GFR) during the tenofovir-based rescue therapy.
with viral rebound did not show ALT flare. TDF has a potent antiviral activity, and the relapse after discontinuation could be abrupt and induce hepatic dysfunction. Drug adherence has been reported an important factor of viral breakthrough and virological response. 18 Therefore, patient education and close monitoring of adherence to medication should be performed to improve the virological response and prevent the relapse. An in vitro study showed that HBV clones harboring rtN236T or rtA181V decreased susceptibility to TDF about four times. 19 This finding suggests TDF has a partial cross-resistance to ADV resistant HBV clones. We used TDF or TDF and LAM combination by clinicians' choice. All patients had excellent virological response irrespective of treatment regimen or the presence of ADV resistant mutation. In this study, five patients with virological relapse showed rapid decrease in HBV DNA after restoration of TDF treatment. However, some patients had detectable HBV DNA at last follow-up. It might be due to short duration TDF retreatment or possibly pre-exsisting rt181 or rt236 mutations. Difference in virological response could not be evaluated because of small number of the patients in our study. Berg et al. 20 reported that TDF monotherapy and combination of TDF and emtricitabine had similar efficacy in patients with incomplete virological response after ADV therapy. The virological response was independent of pre-existing ADV or LAM resistant mutation. Tan et al. 21 reported that TDF monotherapy or combination with emtricitabine had a potent antiviral activity in patients who showed ADV resistance or suboptimal response, and no novel mutation was detected during the TDF therapy. The persistent or emerging ADV resistant mutation reduces the antiviral response during the TDF monotherapy, and emtricitabine combined with TDF resulted in undetectable level of HBV DNA. Thus, they suggested that combination treatment might be more effective in ADV resistant cases. 21 However, the role of combination of nucleoside with TDF is still under investigation. A randomized controlled trial is needed to evaluate the efficacy and resistance incidence of TDF based combination therapy in LAM or ADV resistant HBV patients. TDF was well tolerated during the treatment period, and no patient showed TDF treatment induced renal impairment even in the patient with pretreatment elevation in creatinine level. Renal impairment has been observed in HIV infected patients with TDF therapy, particularly in patients with preexisting renal disease. 22 However, long-term data up to 3 years of TDF treatment in CHB patients demonstrated less than 1% of the patients had a confirmed 0.5 mg/dL increase in creatinine. 23 Long-term use of oral antiviral agents is indispensable for the complete suppression of HBV, therefore, identification and prevention of adverse events are important for the maintenance of the medication. Renal function should be monitored closely during longterm use of TDF. This study has limitations because it is a small scale retrospective observational study with rather heterogeneous baseline characteristics (17 patients; 10 with LAM+ADV, two with ETV+ADV, two switch to ADV monotherapy, and three switch to ETV monotherapy). In genotypic analysis, 11 patients showed LAM resistance, six patients showed multidrug resistance and different treatment strategies (four with TDF monotherapy, 13 with TDF and LAM combination therapy). During virological relapse, sequencing of HBV DNA polymerase gene was performed in two patients, and there was no remarkable resistant mutation. However, we did not test rt194T mutation known as resistant mutation to TDF in the other patients. Amini-BavilOlyaee et al., 24 the rtA194T polymerase mutation has been found in HBV/HIV coinfected patients during TDF treatment and may be associated with TDF resistance. The rtA194T polymerase mutation is associated with partial TDF drug resistance. But Delaney et al., 25 rtA194T did not cause a significant change in TDF susceptibility either alone or when expressed in combinated with LAM resistance mutations (1.5-to 2.5-fold). Whether the rtA194T mutation truly confers resistance against TDF has remained controversial. As for safety, renal function showed no significant changes, but we could not evaluate proximal tubular dysfunction which may occur during the long-term therapy with TDF or ADV. Despite these shortcomings, our results may be valuable to demonstrate the virological response and safety in the patients with multidrug resistant HBV treated with longterm use of TDF in Korea. Most studies on TDF treatment for patients with antiviral resistant HBV are clinical observations in a small number of CHB patients. A systemically designed trial in a large number of patients is needed to evaluate antiviral treatment strategy in CHB patients with multidrug resistance.
In conclusion, these results suggest that TDF based treatment has potent antiviral activity and safety during the long-term administration in CHB patients who had suboptimal response or multidrug resistance of previous antiviral therapy. Adherence is important to maintain the viral suppression during the therapy. Close monitoring of patients' adherence and HBV DNA level should be necessary to prevent virological relapse.
